We investigated the statistical properties of both cool and hot starspots in eclipsing binary stars. The starspot and binary parameters for contact and semi-detached systems were collected from literature, which were determined on the basis of synthetic light-curve analysis. We examined associations between these parameters. As a result, the cool spots in W-type binaries show properties similar to those of sunspots and starspots generated by dynamos, which differs from those of the cool spots in A-type binaries. The properties of hot spots also differ between the W-and A-type samples. From the physical properties of A-and W-type binaries, we infer that mass transfer is a dominant process for forming the hot spots in A-type binaries; and both mass transfer and magnetic activity can contribute to the formation of the hot spots in W-type binaries. Our results also indicate that the hot-spot size in the A-type sample is correlated with the temperature of spotted stars, orbital period, mass ratio, and fill-out factor.
Introduction
Starspots are areas on the surfaces of stars, where the temperatures significantly differ from those of the surrounding photospheres. Spot activity is closely associated with various stellar phenomena and the inner structure of stars. Accordingly, revealing starspot properties is crucial for understanding the stellar activity.
Two kinds of spots can be defined in terms of the spot temperature: cool and hot spots. Cool spots are generally attributed to photospheric magnetic fields. The magnetic activity of latetype stars has been explained by the dynamo theory. In the dynamo theory, magnetic energy is generated by the conversion of kinetic energy that comes from convection in the outer layer. The magnetic activity leads to various stellar activity. Flares, for instance, have been interpreted as a result of the release of magnetic energy (e.g. Shibata & Magara 2011) . Sammis et al. (2000) reported that the sunspot coverage increases as the energy of the largest flare increases. Recent studies discovered correlations between the starspot activity and superflares on solar-type stars (Notsu et al. 2013; Maehara et al. 2017) . Thus, the spot activity is closely associated with stellar phenomena, as well as the magnetic activity.
Hot spots have also been believed to be associated with the magnetic activity of stars. Solar faculae are often observed on areas which surround cool spots. However, as for close binary systems, mass exchange between component stars is another plausible scenario for creating hot spots, since transferred material collides on the surface of a component star. These hot spots are expected to appear in contact and semi-detached systems because such systems contain at least one star that filling its Roche lobe.
Binary stars can have starspots whose properties differ from those of sunspots, although similarities between starspots and sunspots have been reported. Sunspots cover at most a few percent of the Sun's surface area, and typically live for hours to months (Solanki 2003) . By contrast, gigantic starspots covering up to 20% were found in RS CVn-type binary systems (e.g. Strassmeier 1999) , and a long-lived (∼ 11 yr) polar spot was also detected (Vogt et al. 1999) . Furthermore, Hussain (2002) concluded that spots on tidally locked binary systems live longer than spots on single main-sequence stars. Accordingly, the starspots in binary systems should have the properties that differ from those of the spots on single stars as well as sunspots.
Starspot activity leads to a distorted light-curve in many cases. Eclipsing binaries, as well as single stars, can exhibit light curves distorted by the presence of starspots. The O'Connell effect (O'Connell 1951; Milone 1968 ) is characterized by an asymmetric light-curve with unequal out-of-eclipse maxima. This phenomenon has been often explained by the presence of starspots. Many authors have modeled distorted light-curves assuming that cool or hot spots are present on the stellar surfaces. Other several techniques are also available to detect starspots: Doppler imaging (Vogt & Penrod 1983) , molecular bands modeling (Vogt 1979; Huenemoerder et al. 1989) , eclipse mapping (Collier Cameron 1997; Lister et al. 2001) , and gravitational microlensing (Heyrovský & Sasselov 2000) . The synthetic light-curve analysis, nevertheless, is a relatively easy method to estimate spot parameters. In practice, the spot parameters for a number of binary stars have been determined by previous studies.
RS CVn-type stars, which are close detached binaries with magnetically active components, have been a great target for studying starspots in binary systems. The reason is that they are expected to have starspots generated by their strong magnetic activity. However, unlike the starspot properties in RS CVn-type stars, those in contact and semi-detached binaries are poorly understood. Although starspot parameters have been determined for various close binary systems on the basis of the synthetic light-curve analysis, their statistical properties are less known. This paper presents the statistical properties of both cool and hot spots in contact and semi-detached systems. Section 2 introduces the starspot and binary parameters we collected. We examine associations between the astrophysical parameters in section 3 and discuss their properties in section 4. Section 5 summarizes our results.
Sample of spotted binary systems
We collected the starspot parameters of eclipsing binaries from literature, together with their physical parameters. These parameters were determined by synthetic light-curve analysis based on methods such as Wilson & Devinney (1971) and Djurasevic (1992) . We selected systems whose parameters were determined on the basis of multi-color light curves. These collected binaries exhibited distorted light-curves. The authors, who studied the collected binaries, analyzed the light curves assuming the distortions were due to the presence of starspots. When the solution from a light-curve analysis indicates the presence of more than one spot, we selected the parameters of the largest spot. When no spectroscopic data are available, the determination of mass ratio tends to deteriorate for binary systems with low inclination. Maceroni & van't Veer (1996) compared the photometrically-and spectroscopicallydetermined mass-ratios, in which they used a sample of binary systems with inclinations larger than about 60 deg. Their comparison showed that the photometric mass-ratios are similar to the spectroscopic ones. Taking their result into account, we also excluded systems having both inclinations smaller than 75 deg and photometrically-determined mass-ratios. Finally, we extracted cool and hot spot samples for 102 and 45 binary systems respectively. Note that spots only for contact and semi-detached systems were extracted. Table 1 summarizes statistics for the cool and hot spots. Both W-and A-types are the subtypes of contact binary, which are based on Binnendijk (1970) . The symbols SD1 and SD2 denote semi-detached binary with the more-massive and lessmassive component filling its Roche lobe respectively. Tables 2 and 3 list the astrophysical parameters for the collected binaries with cool and hot spots respectively. Throughout this paper, colatitude (θ) runs from 0
• at the +z pole to 180
• at the −z pole, and longitude (φ) runs counterclockwise from Jetsu et al. (1991) first discovered flip-flop phenomenon in FK Comae, which has also been detected in RS CVn-type binaries (e.g. Berdyugina & Tuominen 1998; Berdyugina et al. 1999 ). This phenomenon is a switch of the activity between two active longitudes which are separated by 180
• on average.
The longitudinal distance between the two peaks also is around 180
• , which agrees with the separation appears in the flip-flop phenomenon. Meanwhile, Jeffers (2005) The flip-flop phenomenon has been explained by dynamo models (Moss 2004; Korhonen & Elstner 2005) . The component stars of W-type binaries generally have G-K spectra (Webbink 2003) . Because such stars have convective envelopes, their internal dynamos can generate magnetic fields. Hence, when the magnetic activity forms cool spots, the flip-flop phenomenon is expected to arise on the spotted stars in W-type systems. If the flip-flop phenomenon indeed arises in W-type binaries, the properties of the W-type sample indicate that active longitudes of W-type binaries tend to be present around the vertical sides of the spotted star facing to another component.
Contrary to the W-type sample, other samples have few characteristics. No clear characteristics are found in the semidetached samples, which may be due to low statistics. However, it seems that A-type sample binaries tend to have hot spots at φ ∼ 270
• .
Another notable feature includes the latitudinal dependence of the spot size in figure 2. This tendency is similar to the sunspot property that the cycleintegrated sunspot area is positively correlated with the mean latitude Solanki et al. 2008; Ivanov & Miletsky 2016) . Although the A-type binaries also show a similar association at least below λ ∼ 60 figure 3 , we depict the scatter plot between the photosphere temperature and the temperature difference, together with a second-order polynomial fit to the data for the sample of Berdyugina (2005) except for EK Dra. The polynomial fit line is
where T phot and Tspot are photosphere and spot temperatures, respectively. The root mean square of the residuals of the fit is 171 K. Although our W-type sample also shows a positive correlation (rp =0.209 with p =0.137 and rs =0.072 with p =0.612) similar to that of Berdyugina (2005) , its distribution is significantly spread out downward. The broken line in figure 3 is a line 5-σ lower than the fitting one. Several W-type binaries are located in the area below the 5-σ line, that is, they have relatively small temperature differences. In the sample of Berdyugina (2005) , EK Dra had a large temperature (T ∼ 5900 K) and a small temperature-difference (∆T = 500-1050 K), and they surmised that active late F-type stars possess spots with dom- inating penumbra. Thus, starspots located below the 5-σ line also may be dominated by penumbra.
W-and A-type sample binaries are roughly separated by T ∼ 6000 K. This is reasonable because W-and Atype systems generally have G-K and A-F spectra, respectively (Webbink 2003) . Three A-type systems have temperatures lower than 5000 K: UCAC4 436-062932 (UCAC4 436), 1SWASP J074658.62+224448.5 (SW J074), and 1SWASP J075102.16+342405.3 (SW J075). However, it is arguable that the subtypes of these systems are accurate. Another author who analyzed UCAC4 436 classified the binary as a W-type system . SW J074 and SW J075 have short orbitalperiods compared with other A-type systems (see also section 3.1.3). Accordingly, the subtypes of these binaries should be further investigated. The A-type sample shows no significant association, even if these suspicious binaries are excluded.
The spotted stars of SD2 sample binaries generally have temperatures lower than 6000 K, which are relatively low compared to those of SD1 sample binaries. In addition, the SD2 sample has a positive correlation (rp =0.836 with p <0.001 and rs =0.815 with p <0.001), as well as the W-type sample. Figure 4 shows the relation between the spotted-star temperature and the angular radius of the starspot. Berdyugina (2005) presented a relation between photosphere temperature and spot coverage. Their relation had a downward parabolic association with a peak around T = 4500 K. Our W-type sample also shows a similar downward parabolic association. Meanwhile, the A-type sample has a positive correlation above T ∼ 5500 K (rp =0.469 with p = 0.012 and rs =0.437 with p = 0.020).
In figure 5 , we depict the scatter plot between the temperature difference and the spot size. Although the W-type sample binaries with spectroscopic mass-ratios appear to have a negative association, this is weak (rp = −0.256 with p = 0.322 and r s = −0.221 with p = 0.395). This tendency agrees with previous studies (Bouvier & Bertout 1989; Strassmeier 1992) . By contrast, the A-type sample shows a negative association (rp = −0.253 with p = 0.162 and r s = −0.291 with p = 0.106). The cool spot in DU Boo is considerably large (α = 86 • ) and large temperature difference (∆T = 1826 K) compared with the cool spots in other A-type binaries. Djurašević et al. (2013) concluded that the cool spot in DU Boo is due to the exchange of thermal energy. Hence, the spot formation of DU Boo may differ from that of other A-type binaries. When DU Boo is excluded from the A-type sample, the positive association becomes significant (rp = −0.367 with p = 0.042 and r s = −0.386 with p = 0.032).
Orbital period
The relation between the orbital period and the spot size are shown in figure 6 . The contact binary samples, as a whole, has an upward parabolic association with a peak around P = 0.3-0.4 d. In other words, the angular radii of W-type sample binaries decrease with increasing orbital period, whereas those of the A-type sample binaries increase with increasing orbital period.
The sample of contact binaries from exhibits that all systems with P < 0.3 d are of W-type and all with P > 0.6 d are of A-type. Our samples include three A-type systems with P < 0.3 d: TZ Boo, SW J074, and SW J075. Of these binaries, the latter two are the same as the Atype systems with considerably low-temperature spotted-stars mentioned in section 3.1.2. The orbital period of TZ Boo is extremely close to 0.3 d (P = 0.29716 d), and the classification into A-type system is possible. However, Christopoulou et al. (2011) pointed out that TZ Boo is one of the most puzzling W UMa systems and that their classification is still unclear.
The orbital-period distribution of contact binaries is known to have a sharp cut-off around P ∼ 0.22 d .
Whereas the two W-type systems with P < 0.22 d (namely 2MASS 02272637+1156494 and 1SWASP J015100.23-100524.2) have small spots of α < 20
• , other two systems with P ∼ 0.22 d (namely CC Com and V1104 Her) have relatively large spots (α > 30 • ). explained the period cut-off by the stars reaching full convective limit. A recent study demonstrated that the short-period limit is due to the instability of mass-transfer; it occurs when the primaries of the initially detached binaries fill their Roche lobes (Jiang et al. 2012) . Although its exact mechanism is still open to question, contact binaries with periods close to the limit are expected to have properties differing from those of other contact binaries. Therefore, this tendency indicates that contact binaries with P < 0.22 d tend to have small spots, unlike those with periods close to but larger than the period limit. Schüssler & Solanki (1992) concluded that magnetically active stars with rapid rotation exhibit magnetic flux eruption at high latitudes and polar spots. Schüssler et al. (1996) demonstrated that for slowly rotating stars flux emerges at lower latitudes and that the mean latitude of emergence shifts to higher latitudes for increasing stellar rotation rates. In figure 7 , we illustrate the scatter plot between the orbital period and the spot latitude. The orbital periods of contact binaries synchronize with their rotation periods because these binaries should be tidally locked. Hence, the rotation becomes rapid as the orbital period decreases. Figure 7 indicates that W-type sample binaries with a shorter orbital-period (i.e., fast rotators) tend to have cool spots at higher latitudes. The correlation coefficients for the W-type sample are rp = −0.219 with p = 0.134 and rs = −0.172 with p = 0.243. W-type sample binaries with spec- troscopic mass-ratios show a stronger correlation: rp = −0.318 with p = 0.114 and rs = −0.265 with p = 0.191. We computed these coefficients on the basis of the W-type sample in which the binaries with fixed spot-parameters were excluded. This negative correlation agrees with the results from Schüssler & Solanki (1992) and Schüssler et al. (1996) , which can be explained by the dynamo theory. The A-type and semi-detached samples seem to have no clear correlation.
Hot spot
Most authors in table 3 concluded that hot spots were formed by mass-exchange between the two components of binary systems. However, the hot spots in at least five binary systems, namely AR Boo, EQ Tau, HL Aur, HR Boo, and LP Cep, were deduced to be formed by magnetic origin. Figure 8 shows the scatter plots of longitude versus latitude and longitude versus spot size, together with histograms of the number of binaries plotted as a function of longitude. The hot spots in both W-and A-type sample binaries are concentrated at φ ∼ 0 • and their latitudes are lower than 30
Position
• , where each spotted surface faces another component star. This tendency is reasonable when mass-exchange between two components of a binary system occurs through the first lagrange point. Also, SD1 sample binaries tend to have hot spots in the range −90
with λ < 30
• . However, the hot spots in SD2 binaries are widely distributed in longitude, which differs from the other samples.
The hot spots of the five binaries mentioned in the above, which were deduced to be formed by magnetic origin, are located at the range 180
. Thus, some of the other spots with a longitude between 90
• and 270
• may also be generated by magnetic activity.
Only BX Dra has a polar spot with a latitude of 81
• · 5 despite the fact that all other binaries have hot spots with latitudes smaller than 30
• . Park et al. (2013) , nevertheless, surmised that the hot spot was caused by mass-transfer between the components rather than magnetic activity. Based on an O −C diagram, they also confirmed that mass is transferred from the secondary to the primary at a rate of 2.74 × 10 −7 M⊙ yr −1 . If their claims are correct, this high-latitude spot is quite strange in our samples. The SD1 sample includes hot spots generally larger than those of the SD2 sample, although no such difference exists between the W-and A-type samples. No other clear association and tendency can be found in the relation between the longitude and the spot size.
Temperature
The relation between the temperature and the temperature difference is shown in figure 9 . Although the temperature difference appears to increase with increasing temperature in the Wtype sample, this is not significant (rp =0.226 with p = 0.417 and rs =0.157 with p = 0.576). Spotted stars in the SD1 sample are generally cooler than those in the SD2 sample, unlike the case of cool spots. This tendency arises from the fact that the SD1 (SD2) sample binaries have hot spots on the less-massive and cooler (the more-massive and hotter) components (see table  1 ). In addition, SD1 sample binaries tend to have temperature differences larger than those of SD2 sample binaries. In figure 10 , we depict the scatter plot between the temperature and the the spot size. The W-and A-type samples are roughly separated by T = 5500-6000 K and they seem to have different associations. In other words, the spot sizes of W-and A-type samples decreases and increases with increasing temperature respectively. The SD1 and SD2 samples also are separated by T ∼ 6000 K. No clear tendency is found in the semi-detached samples.
Two W-type systems, namely AC Boo and TX Cnc, appear to have a tendency opposed to the general tendency of the Wtype sample mentioned in the above. These systems have physical parameters of T ∼ 6250 K, ∆T ∼ 200 K, and α ∼ 40
Their positions in both T -∆T and T -α scatter plots agree with those of the A-type binaries rather than those of the W-type binaries. concluded that AC Boo is an overcontact binary comprised of unevolved stars. In addition, TX Cnc is a member of the Praesepe open cluster, whose mean age is around 600 Myr ). Hence, because the two W-type systems comprise young stars, they may have the opposed tendency. When the two binaries are excluded from the W-type sample, although the positive correlation in the T -∆T relation becomes significant (rp =0.528 with p = 0.064 and rs =0.588 with p = 0.035), the negative correlation in the T -α relation is still insignificant (rp = −0.323 with p = 0.281 and rs = −0.300 with p = 0.320).
A difference in correlation between the W-and A-type samples is also found in ∆T -α relation (figure 11). For the W-type sample, the angular radius decreases with increasing temperature difference (rp = −0.445 with p = 0.096 and rs = −0.531 with p = 0.042). However, when the two systems that comprise young stars are excluded from the W-type sample, the negative correlation becomes weak (rp = −0.356 with p = 0.233 and rs = −0.366 with p = 0.219). By contrast, the spot size for the A-type sample slightly increases as the temperature difference increases below ∆T = 1000 K (rp =0.416 with p = 0.179 and rs =0.329 with p = 0.297). No strong correlation between the temperature difference and the spot size has been reported in several types of objects such as T Tauri stars and RS CVn-type stars (Bouvier & Bertout 1989; Strassmeier 1992) . 
Binary parameters
Binary parameters are expected to be associated with hot-spot parameters, when mass transfer between component stars forms hot spots. This subsection examines correlations between the binary and hot-spot parameters.
In figure 12 , we plot the orbital period versus the spot size. The A-type sample has a clear positive correlation above P = 0.3-0.4 d (rp =0.785 with p < 0.001 and rs =0.798 with p < 0.001). On the other hand, there is a negative correlation below the value (rp = −0.984 with p = 0.016 and rs = −0.800 with p = 0.200). Although the W-type sample shows a weak positive correlation, this is not significant (rp =0.200 with p = 0.476 and rs =0.105 with p = 0.708). Two sequences appear to exist in the distribution of the W-type sample. The sequence that have relatively small hot-spots (α < 20
• ) overlaps with the distribution of the A-type sample. As discussed in section 4.2, the hot-spot origins of W-type binaries should be confused between mass transfer and magnetic activity, hence the two sequences may exist. The SD1 sample binaries tend to have orbital periods shorter than those of the SD2 sample binaries; and have a negative correlation (rp = −0.822 with p = 0.045 and rs = −0.771 with p = 0.072). Figure 13 shows the relation between the mass ratio and the spot size. We compute the mass ratio to fall between 0 and 1. The A-type sample has a negative correlation in the range 0.2 < q <0.6 (rp = −0.821 with p = 0.002 and rs = −0.836 with p = 0.001), whereas it has no correlation above q =0.6. The W-type sample shows no strong correlations. As for the semi-detached samples, the SD1 sample has a weak negative association (rp = −0.534 with p = 0.275 and rs = −0.543 with Another notable feature is in the relation between the fill-out factor and the spot size, which is illustrated in figure 14 . The W-and A-type samples have similar tendencies, i.e., the spot size increases with increasing fill-out factor. However, below f = 0.4, the positive correlation of the W-type sample is weak (rp = 0.142 with p = 0.660 and rs = 0.270 with p = 0.396), although that of the A-type sample is significant below f = 0.7 (rp =0.853 with p < 0.001 and rs =0.747 with p = 0.003). The weak correlation of the W-type sample is due to CE Leo which is the W-type sample binary with the smallest fill-out factor. CE Leo has a large hot-spot (α = 45
• ), unlike the other systems with fill-out factors close to the smallest one. We surmise that magnetic activity, rather than mass transfer, formed the hot spot in CE Leo because of the following reasons. First, the spot is located at the opposite of substellar point and is indicative of a deep convective envelope due to its low temperature. Second, Kang et al. (2004) also concluded that CE Leo could have a cool or a hot spot; it was the result of chromospheric activity rather than a gas stream striking the surface of the mass-gaining component. Therefore, we deduce that magnetic activity formed the hot spot in CE Leo. If CE Leo is excluded from the sample, the correlation coefficients for the W-type sample are computed as rp = 0.492 with p = 0.124 and rs = 0.563 with p = 0.071 below f = 0.4. These positive correlations are plausible when mass transfer generates hot spots.
The association above f = 0.7 may differ from that below the value. Four binaries with fill-out factors larger than f = 0.7 are SS Ari, VZ Psc, DZ Psc, and 1SWASP J075102.16+342405.3. These binaries except DZ Psc are expected to have deep convective envelopes because their components have temperatures lower than 6000 K. The spotted component of DZ Psc has a temperature of 6210 K and also possibly have a convective envelope. Therefore, magnetic activity can generate the hot spots in the five binaries and the different association is due to the difference in spot formation mechanism. Alternatively, hot spot properties may differ between binaries with small and large fill-out factors.
Discussion

Cool spot
Our results indicate that the statistical properties of cool spots differ between W-and A-type contact binaries. In the T -∆T and T -α relations, the associations of W-type sample binaries agree with those of late-type stars presented by Berdyugina (2005) . Section 3.1.1 demonstrates that W-type binaries should have active longitudes separated by 180
• ; active longitudes have been explained by the dynamo theory. The correlations in the θ-α and P -λ relations are also consistent with the properties that are derived from the dynamo theory. Because most of our W-type sample binaries have temperatures lower than 6000 K, it is natural that the dynamo theory explains the properties of cool spots in W-type binaries. Consequently, stellar dynamos are expected to form the cool spots in W-type binaries. By contrast, the cool spots of A-type sample binaries show positive correlations in the T -α and P -α relations and a negative correlation in the ∆T -α relation; their correlations differ from those of W-type sample binaries. Additionally, most of A-type sample binaries have temperatures higher than 6000 K. Therefore, other mechanism, which differs from stellar dynamo, may forms the cool spots in A-type binaries. A different mechanism for the spot formation in A-type systems is also supported by Pribulla et al. (2011) .
SD2 sample binaries also generally have cool spots on the components with temperatures lower than 6000 K. Nevertheless, their associations considerably differ from those of the W-type sample. Low statistics may allow their intrinsic associations to be unclear. Alternatively, mechanisms for generating cool spots differ between SD2 and W-type systems.
Hot spot
The hot spots in A-type and SD2 sample binaries are likely to be formed by mass transfer rather than magnetic activity because these spots were present on components with T > 6000 K. Accordingly, the correlations in the T -α, P -α, q-α and f -α relations of the A-type sample are expected to reflect the properties of hot spots formed by mass transfer; unless other mechanisms largely contributed to the formation of hot spots. These correlations indicate that the spot size increases with decreasing mass ratio (0.2 < q < 0.6) and increasing the temperature of the spotted stars, the orbital period (P > 0.3-0.4 d), and the fillout factor (f < 0.7). The spotted components of SD2 sample binaries also have temperatures higher than 6000 K and mass transfer should mainly form their spots. Nevertheless, in contrast to the A-type sample, the SD2 sample shows no strong associations in any relations. The small size of the SD2 sample may make the intrinsic associations unclear. Alternatively, the hot-spot properties of SD2 binaries may differ from those of Atype binaries because of the difference in the configuration of binary systems.
The hot spots in W-type and SD1 sample binaries can be formed by magnetic activity because these spots were present on components with T < 6000 K. Accordingly, magnetic activity, as well as mass transfer, can form the hot spots in these systems. However, it is difficult to distinguish between the two mechanisms; our samples should include hot spots formed by both magnetic activity and mass transfer. This contamination contributes to dispersed distributions and weak associations. In practice, the associations found in the W-type sample are relatively weak. Consequently, these associations should be examined using a hot-spot sample in which spot formation mechanisms are well determined.
The reliability of spot parameters
Several combinations of spot parameters derived with lightcurve modeling can produce similar light curves. The nonuniqueness problem has been discussed by previous studies (e.g. Eker 1996) . However, this does not indicate that lightcurve modeling is unable to yield a unique solution. Eker (1999b) claimed that the empirical evidences implying nonuniqueness of spot solutions are caused by insufficient accuracy of observational data. Eker (1999a) estimated that ±0.0001 mag or better accuracy is required for deriving parameters with a reasonable accuracy. Because the accuracy of light curve data in this study is worse than the value, the uncertainty of spot parameters determined with light-curve modeling should be large. Nevertheless, our spotted-binary samples show several correlations and the correlations of W-type systems are consistent with the spot properties derived from the dynamo theory. In addition, these correlations differ at least between W-and A-type systems. If the parameters never reflect the intrinsic properties of binary systems, such correlations or differences should not be discovered. This indicates that the statistical analysis reduces the uncertainty of each parameter of individual system and their statistical correlations reasonably reflect the intrinsic properties of spotted binaries. However, our results should be verified with spot parameters which determined by other technique such as the Doppler imaging.
Summary and Conclusions
We have investigated the statistical properties of starspots in eclipsing binaries on the basis of parameters determined by synthetic light-curve analysis. Our results indicate that the magnetic activity caused by stellar dynamos should form the cool spots in W-type contact binaries. By contrast, the A-type and semi-detached samples show associations differing from those of the W-type sample. These different associations indicate that the mechanism for forming the cool spots in A-type and semidetached binaries differs from that in W-type binaries.
Hot spot properties also differ between the W-and A-type samples. We found clear correlations in the T -α, P -α, q-α, and f -α relations for the A-type sample and in the T -∆T , ∆T -α, and f -α relations for the W-type sample. We infer that magnetic activity, as well as mass transfer, can contribute to the formation of the hot spots in W-type binaries unlike the case of A-type binaries. The hot spot properties of SD1 binaries also differ from those of SD2 binaries. SD1 binaries seems to have spot activity stronger than SD2 binaries because the mean spot-size and the temperature difference between spot and photosphere are larger in the SD1 sample than in the SD2 sample.
Both cool and hot spot properties of the SD1 and SD2 samples seem to be different. However, the semi-detached samples suffer from low statistics. Accordingly, further investigation with a large-size sample is required.
A problem of light curve modeling is that its solution is not usually unique. This allows starspot parameters to have alternative ones and the uncertainties of parameters tend to be large. Statistical analysis reduces the effect of the uncertainty of each parameter. In practice, several associations found in the W-type sample are consistent with each other. This suggests that a statistical analysis with spot parameters determined by light curve modelling is effective for investigating the general trends of starspots. Nevertheless, uncertainties of the statistical analysis might still remain large, particularly in the case of low statistics. Hence, the starspot properties in this paper should be further examined with a sample of spotted binaries whose parameters are determined by other method such as the Doppler imaging technique. 
